Abstract Aims/hypothesis: We evaluated diabetes-related pregnancy outcomes in a cohort of Spanish women in relation to their glucose tolerance status, prepregnancy BMI and other predictive variables. Methods: The present paper is part of a prospective study to evaluate the impact of American Diabetes Association (2000) criteria in the Spanish population. A total of 9,270 pregnant women were studied and categorised as follows according to prepregnancy BMI quartiles and glucose tolerance status: (1) negative screenees; (2) false-positive screenees; (3) gestational diabetes mellitus (GDM) according to American Diabetes Association criteria only; and (4) GDM according to National Diabetes Data Group criteria (NDDG). We evaluated fetal macrosomia, Caesarean section and seven secondary outcomes as diabetes-related pregnancy outcomes. The population-attributable and population-prevented fractions of predictor variables were calculated after binary logistic regression analysis with multiple predictors. Results: Both prepregnancy BMI and abnormal glucose tolerance categories were independent predictors of pregnancy outcomes. The upper quartile of BMI accounted for 23% of macrosomia, 9.4% of Caesarean section, 50% of pregnancy-induced hypertension and 17.6% of large-for-gestational-age newborns. In contrast, NDDG GDM accounted for 3.8% of macrosomia, 9.1% of pregnancy-induced hypertension and 3.4% of preterm births. Conclusions/ interpretation: In terms of population impact, prepregnancy maternal BMI exhibits a much stronger influence than abnormal blood glucose tolerance on macrosomia, Caesarean section, pregnancy-induced hypertension and large-for-gestational-age newborns.
Introduction
Gestational diabetes mellitus (GDM) increases the risk of adverse complications for both mother and child [1] . The same is true for obesity, for which the risks include higher rates of GDM, hypertension, pre-eclampsia and macrosomia [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The rate of overweight and obesity has increased steadily around the world over the past 20 years, affecting all age groups and including women of reproductive age [13, 14] . In addition, increased BMI and GDM often occur in the same patient. However, less is known about the relative contributions of maternal overweight and GDM to the increased risk of adverse pregnancy outcomes. The purpose of this study was to evaluate the independent influence of prepregnancy BMI and glucose tolerance status on the presentation of diabetes-related adverse pregnancy outcomes.
Subjects, materials and methods
This prospective study was conducted in 16 general hospitals of the Spanish National Health Service in 2002 and the research design and methods are reported in [15] . The research was performed in accordance with the Declaration of Helsinki as revised in 2000 and informed consent was obtained from patients where appropriate. All women with singleton pregnancies and without a former diagnosis of diabetes mellitus were included. Pregnancies with preterm delivery (at less than 28 weeks) and the second pregnancy of women with two pregnancies in the same year were excluded. After a 50 g glucose challenge test (GCT), women who had a venous plasma glucose ≥7.8 mmol/l were scheduled for a diagnostic, 100 g, 3 h OGTT. Criteria of both the National Diabetes Data Group (NDDG) (fasting, 5.8 mmol/l; 1 h, 10.6 mmol/l; 2 h, 9.2 mmol/l; 3 h, 8.1 mmol/l) [16] and the American Diabetes Association (ADA) (fasting, 5.3 mmol/l; 1 h, 10 mmol/l; 2 h, 8.6 mmol/ l; 3 h, 7.8 mmol/l) [17] were considered. With both criteria, GDM was defined when at least two plasma glucose measurements were equal to or higher than the cut-off points. The term 'ADA-only GDM' was used to refer to pregnant women who would be diagnosed with GDM by the ADA but not by the NDDG criteria [18] .
Data collected included maternal age, prepregnancy BMI, chronic arterial hypertension, pregnancy-induced hypertension (PIH) (including pre-eclampsia), gestational age at delivery, delivery characteristics (spontaneous/induced, vaginal/Caesarean section), reason for Caesarean section (elective, dystocia, fetal distress, others) and newborn characteristics (birth weight, sex, Apgar score, perinatal mortality, major congenital malformations). Gestational age was defined as number of completed weeks, based on the last menstrual period or on the earliest ultrasound assessment if discordant. Pregestational weight was self-reported and trained nurses measured height at the first prenatal visit. Chronic hypertension was defined as treated hypertension before pregnancy or arterial blood pressure ≥140/90 mm Hg in the first 20 weeks of pregnancy.
Macrosomia and Caesarean section were defined as primary outcomes, and the rate of large for gestational age (LGA), preterm birth, PIH, Apgar score<7 at 1 and 5 min, major congenital malformations and perinatal mortality as secondary outcomes. Macrosomia was defined as a birthweight at or above 4 kg. Newborns were defined as LGA when sex-specific birthweight for gestational age was above the 90th percentile of Spanish fetal growth curves [19] and small for gestational age (SGA) when under the 10th percentile. Major congenital malformations were defined as malformations that cause significant functional or cosmetic impairment, require surgery or are life-limiting.
Four glucose tolerance groups were defined [15, 20] : women with GDM according to NDDG criteria receiving usual care (NDDG GDM), and three untreated groups, representing a gradient of carbohydrate tolerance. Negative screenees had a glucose value below 7.8 mmol/l after a 50 g glucose oral challenge (GCT). False-positive screenees had a positive GCT but a negative OGTT by ADA criteria and did not receive specific treatment [17] . As described before, women with ADA-only GDM were those women that would be diagnosed with GDM by ADA but not by NDDG criteria. BMI was categorised in quartiles (quartile 1, <21. Binary logistic regression analysis with multiple predictors with a backward method was used to calculate adjusted odds ratios (OR) for developing complications and 95% CIs. All potentially predictive variables (glucose tolerance category, prepregnancy BMI quartiles, fetal sex, maternal age, gestational age at delivery, macrosomia and PIH in current pregnancy) were fed in to the models when applicable (i.e. macrosomia was not included as a potential predictor of LGA). The stopping criterion was set at a p value of ≥0.10.
We calculated the population-attributable fraction (AFp) for risk factors and the prevented fraction in the population (PFp) for protective factors [21] . AFp is defined as the excess number of cases resulting from an exposure divided by the total number of cases in a defined population, and is calculated as:
PFp is defined as the number of cases prevented in the population resulting from an exposure to a protective factor and is calculated as:
PFp ¼ proportion of exposed casesð1 À ORÞ=proportion of exposed casesð1 À ORÞ þ OR
Results
A total of 9,270 pregnant women were included. Table 1 summarises maternal, pregnancy and delivery characteristics. Table 2 shows the predictive models for macrosomia, Caesarean section, PIH, preterm birth, LGA and Apgar 1 min <7. The upper quartile of BMI accounted for 23% of macrosomia, 9.4% of Caesarean sections, 50% of PIH and 17.6% of LGA. In contrast, NDDG GDM accounted for 3.8% of macrosomia, 9.1% of PIH and 3.4% of preterm births. Fetal sex contributed to the prediction of macrosomia and LGA, maternal age to that of Caesarean section and macrosomia to that of Apgar score 1 min <7. Additional variables were retained by the models, although with borderline significance (Table 2) . No significant predictors were found for major congenital malformations, Apgar 5 min <7 or perinatal mortality.
To explore further the role of BMI and GDM in the prediction of outcome variables, we investigated the OR and AFp of overweight (BMI ≥25 kg/m 2 ) and gestational diabetes mellitus (NDDG GDM) both alone and in combination. This analytical model considered four groups: group 1, non-overweight women without NDDG GDM; group 2, non-overweight women with NDDG GDM; group 3, overweight women without NDDG GDM; and group 4, overweight women with NDDG GDM. Results are displayed in Table 3 . Overweight women, both with and without GDM, had significantly higher ORs for macrosomia, Caesarean section, LGA and PIH, whereas non-overweight women with NDDG GDM did not. Furthermore, as overweight women without NDDG GDM formed the more prevalent category, differences among groups turned out to be more apparent when expressed in terms of AFp: the highest AFp of macrosomia, Caesarean section, LGA and PIH corresponded to the overweight non-GDM group, preterm birth being the only exception.
Discussion
There is ample consensus that GDM and obesity/overweight have a negative effect on pregnancy outcome [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, few studies have attempted to discern the relative influences of overweight and GDM [22] [23] [24] [25] [26] [27] . Obesity and hyperglycaemia have been reported to be independent predictors of different obstetric and perinatal complications, but obesity was a stronger risk factor for macrosomia, Caesarean section and hypertension than hyperglycaemia [24] [25] [26] [27] . Glucose tolerance status, and especially obesity, acted in a dose-dependent manner, increasing the risk of perinatal complications as glucose intolerance and BMI increased. Glucose intolerance or obesity was not significantly associated with PIH or macrosomia in an Australian cohort [22] . The present study, partially reported in [15] , identifies pregestational BMI and abnormal glucose tolerance categories as independent predictors of perinatal outcome with similar ORs for abnormal glucose tolerance categories and upper BMI quartiles. In addition, it is important to note that upper BMI quartiles in this study do not represent extreme obesity; in fact, the cut-off for the fourth quartile is close to that of overweight.
AFPs and PFp represent the proportion of an adverse outcome that can be attributed to or is prevented by exposure to a given predictor. This differs from the concept of OR, which indicates how much more often an outcome occurs in those with or without a given predictive variable. The rationale for reporting the AFp and PFp values, as opposed to ORs, is that the former take into account both the prevalence and the OR of a given factor. However, the AFp values were calculated only in the two most recently published studies, one dealing with Caesarean section [26] and the other with macrosomia [27] . Analysis of AFp and PFp data sheds a different light on the relevance of predictors. Male sex, for example, increased the risk for macrosomia by a factor of 2.52, but in terms of AFp it accounted for 42.0% of the macrosomia in the population. This figure is important in understanding the contribution of fetal sex to macrosomia, but it is a non-modifiable predictor. In contrast, abnormal glucose tolerance categories and BMI quartiles are modifiable predictors and AFp identifies them, especially BMI, as the most relevant. We would also like to highlight that the upper BMI quartile has a much greater impact on PIH, macrosomia and LGA than quartiles 2 and 3. For instance, 23% of the macrosomia in the population could be attributed to the upper BMI quartile, 6.3% to the third and 7.5% to the second, while only 3.8% could be attributed to NDDG GDM. Even if we consider that women who met the NDDG criteria had received treatment and that the real figure of macrosomia attributable to NDDG GDM is somewhat higher, it is clear that, in this population, maternal BMI is much more relevant than glucose tolerance cate- ADA-only GDM American Diabetes Association-only gestational diabetes mellitus; NDDG GDM NDDG gestational diabetes mellitus; AFp attributable fraction in the population (proportion of excess cases resulting from an exposure in the population); PFp prevented fraction in the population (proportion of cases prevented from an exposure in the population);
LGA large for gestational age; PIH pregnancyinduced hypertension a p<0.01. All variables for which significance is provided are included in the model. Predictive models have been published in [15] . This table adds information on attributable and prevented fractions in the population gories for the prediction (and potential prevention) of macrosomia. Again, we want to highlight that the ORs for macrosomia of BMI quartiles were quite similar to those of glucose tolerance categories; the reason that maternal BMI is so relevant in terms of population risk is the prevalence of each category (25% for each quartile higher than 1) compared with those of abnormal glucose tolerance (19.8, 2.8 and 8.8% for false-positive screenees, ADA-only GDM and NDDG GDM respectively) ( Table 2) . The findings were similar for the other outcomes: the upper quartile of BMI accounted for 9.4% of Caesarean section, 50% of PIH and 17.6% of LGA in the population while the respective figures for NDDG GDM were 9.1% of PIH and 1% of LGA, and accounted for 3.4% of preterm births. PIH was associated with a lower risk of macrosomia and LGA. Both chronic hypertension [28] and pre-eclampsia [29] are related to fetal growth retardation, which is attributed to placental anomalies. In addition, elective delivery in pregnancies complicated with PIH could contribute to a decreased rate of macrosomia through a shortened pregnancy.
To confirm the role of BMI and glucose tolerance in the prediction of outcome variables, we explored the ORs and AFp of overweight and NDDG GDM, both alone and combined. This approach identified higher ORs for overweight women, both with and without GDM, and distinctly higher AFp values for overweight women without GDM, further confirming the relevance of BMI for the analysed outcomes.
Our findings of low AFp for glucose tolerance categories are in agreement with a previous study [30] which described low AFp of GDM (defined according to ADA or the World Health Organization) for macrosomia and PIH. Similarly, the AFp of the fourth BMI in the present study for LGA and macrosomia (17.6 and 23.0%) are in agreement with another report for obesity (defined as BMI >29.0 kg/m 2 ) in the period 1995-1999 (19.1 and 25.7%) [7] . However, if we refer to a recent paper [27] , our findings are difficult to reconcile. These authors describe very low attributable fractions of LGA from overweight and obesity (0.5 and 1.3%, respectively), and this could come from the possibility that AFp had been calculated from ORs where the reference category was not the unit.
Pregnancy complications related to maternal overweight and obesity are expected to increase in parallel with the rising prevalence of excess maternal weight. Lu and colleagues have already reported that the increasing prevalence of maternal obesity, along with the increased relative risks of adverse perinatal outcome for obese women, has led to a dramatic increase in the AFp values of obesityrelated pregnancy complications in recent years [7] . Identification of overweight/obesity as a major determinant of perinatal outcome in population terms should lead to preventive efforts prior to conception and also during pregnancy. However, guidelines for overweight and obesity in pregnancy women are lacking, in contrast with gestational diabetes mellitus.
Our study is unique in that it encompasses both a large Spanish population and prospectively collected information on both BMI and glucose tolerance categories among other variables. As information was collected in university hospitals, the representativeness of the study could be questioned. However, we consider it is acceptable since Table 3 Multivariate analysis for prediction of pregnancy outcomes with a variable combining overweight and gestational diabetes mellitus NDDG GDM NDDG gestational diabetes mellitus; AFp attributable fraction in the population (proportion of excess cases resulting from an exposure in the population);
LGA large for gestational age; PIH pregnancyinduced hypertension a Adjusted for fetal sex, maternal age and PIH perinatal outcomes in the current study were reasonably similar to those of the National Perinatal Database for the same year [31] . A limitation of this study is that prediction of macrosomia and Caesarean section could have been more accurate if macrosomia during a previous pregnancy and pregnancy weight gain had been included as predictors of the former and prior Caesarean section as a predictor of the latter. Furthermore, other pregnancy-related predictors, such as previous parity, were not taken into account. Nevertheless, the relative importances of prepregnancy BMI and abnormal glucose tolerance are unquestionable.
In conclusion, in the Spanish population, both prepregnancy maternal BMI and gestational hyperglycaemia are independent risk factors for diabetes-related adverse pregnancy outcomes. However, prepregnancy BMI has a much stronger population impact than abnormal glucose tolerance categories, due to its higher prevalence. This is especially the case for PIH, macrosomia, LGA and Caesarean section.
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